The name Mesophilobacter marinus gen. nov., sp. nov. is proposed for 11 strains of aerobic, mesophilic, nonmotile, oxidase-positive, penicillin-resistant, moderately halophilic, gram-negative coccobacilli that were isolated from seawater. The genus Mesophilobacter is closely related to the genera Acinetobacter, MoraxeZZu, and Psychrobacter, but the levels of deoxyribonucleic acid relatedness to members of these genera are low. The mesophilobacters have optimal growth temperatures of 33 to 37°C and can grow in broth containing 7% sodium chloride. The ubiquinone system is Q-8, and the major cellular fatty acids are c16:1, and c16:o acids. The guanine-plus-cytosine contents of the deoxyribonucleic acids are 44.0 to 46.9 mol% . The type strain of this species is strain 14s-4 (= IAM 13185).
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In a previous paper (7), we reported that the strictly aerobic, nonmotile, gram-negative coccobacilli that were isolated from the seawater of Otsuchi Bay (Iwate Prefecture, Japan) and the Indian Ocean were divided into three groups on the basis of morphological, physiological, and chemotaxonomic characteristics. The members of group 1 were pleomorphic or slightly pleomorphic, cytochrome oxidase positive, resistant to penicillin, and moderately halophilic, and they produced acids from carbohydrates. Their optimal growth temperatures were 31 to 37"C, their ubiquinone system was Q-8, and the guanine-plus-cytosine (G+C) contents of their deoxyribonucleic acids (DNAs) were 40.9 to 46.9 mol%. The members of group 2 were nonpleomorphic or slightly pleomorphic, cytochrome oxidase positive, and susceptible to penicillin, and they produced no acids from carbohydrates. Their optimal growth temperatures were 27 to 34"C, their ubiquinone system was Q-8, and the G+C contents of their DNAs were 41.3 to 46.4 mol%.
On the basis of these results and other data, the members of group 1 were classified as a separate genus closely related to the genera Acinetobacter and Moraxella, and the members of group 2 were assigned to the genus Moraxella.
A number of authors have summarized the general phenotypic features of acinetobacters or moraxellas isolated from seawater (3, 5 , 11). However, few detailed taxonomic studies of these organisms are available.
On the basis of phenotypic characteristics and DNA-DNA hybridization tests, we propose a new genus and species, Mesophilobacter marinus, for 11 strains in the above-mentioned group 1.
MATERIALS AND METHODS
Bacterial strains. We examined 35 strains that were isolated from seawater and were described in a previous study (7) Cultures and cultivation. The isolates were cultured on marine broth 2216 (Difico Laboratories, Detroit, Mich.), which was used as a basal medium for cell production and for physiological, biochemical, and chemotaxomomic tests. The reference organisms were cultured on heart infusion broth (Nissui Pharmaceutical Co., Ltd., Tokyo, Japan) containing calf serum (GIBCO Laboratories, Grand Island, N.Y.). To isolate DNA, the organisms were grown to the late logarithmic phase by using a rotary shaker (220 rpm) at an appropriate optimum temperature.
Bacteriological procedures. The cellular morphology of isolates was determined with cells grown in marine broth for 3 to 26 h at 30°C. The optimal growth temperature was taken to be the growth temperature which gave the highest optical density at 660 nm after incubation for 5 to 7 h when a model TN-3 temperature gradient apparatus (Advantic Toyo, Ltd., Tokyo, Japan) was used. The effects of salt concentrations on the growth of the isolates were examined by using nutrient broth (3.0 g of beef extract [Difco] and 5.0 g of Bacto-Peptone [Difco] in 1,000 ml of distilled water, pH 7.6) and several concentrations of sodium chloride. Nitrate reduction was tested by using marine broth containing 0.1% KNO,. Oxidation-fermentation was tested by using a complex medium consisting of oxidation-fermentation basal medium prepared with half-strength artificial seawater (7) .
Isolation of DNA and DNA-DNA hybridization. Isolation of DNA and DNA-DNA hybridization tests were carried out as described previously (8). Purified DNA was labeled in vitro with [3H]deoxycytidine 5'-triphosphate (ammonium salt) by using the nick translation techniques described by Rigby et al. (10) and a 3H nick translation kit (code TRK.625 and code N.5000A; Amersham International plc, Buckinghamshire, England).
The labeled DNA probe was sheared by sonication for 1 min in 0 . 1~ SSC ( I x SSC is 0.15 M NaCl plus 0.015 M trisodium citrate) and was denatured by heating, and then it was poured into a solution containing 25% sodium dodecyl sulfate and 10 X SSC to give final concentrations of 2 X SSC and 0.1% sodium dodecyl sulfate and a specific activity of ca. 5.0 x lo3 to 1.0 x lo4 cpmlml. Unlabeled DNA in 2X SSC was denatured by heating and then trapped on a cellulose nitrate membrane filter (type TM-2; pore size, 0.45 Fm; Advantic Toyo, Ltd. Tokyo, Japan) by suction, fixed by heating for 3 h in an 80°C oven, and kept in a vacuum desiccator at room temperature until it was reacted with labeled DNA. Portions (1-ml) of a labeled DNA solution were added to unlabeled DNA filters in vials, and the vials were incubated at 60 to 65°C for 48 h. After incubation, the vials were cooled to room temperature, and radioactivity levels were counted by using a liquid scintillation counting system (model LSC-700; Aloka Co., Ltd., Tokyo, Japan).
The percentages of relative binding given below are based on averages from three filters. group 1 strains appeared to be less related to strain 14S-4T (4 to 46% homology). Little relatedness was observed between the group 1 isolate and six group 2 strains, nine unclassified strains, or the strains of six established species used as reference organisms. Similar results were observed when labeled DNA from a second group 1 isolate (strain 5s-4) was used in hybridization comparisons.
RESULTS AND DISCUSSION
When P. immobilis Juni A351T DNA was used as the reference DNA, only a single group 2 strain (strain 9s-5) showed a significant level of relatedness (79%). None of the marine coccobacilli studied showed any significant DNA relatedness to reference DNA prepared from Moraxella lacunata GIFU 3140T or Moraxella osloensis CCM 5605T.
From our results, we concluded that 11 group 1 strains that exhibited relatedness values of 59% or greater should be considered members of the same species. The G+C contents of these strains varied from 44.0 to 46.9 mol%. For these 11 strains, which can be differentiated by using a number of phenotypic markers (Table 2) The ubiquinone system is Q-8. The major cellular fatty acids are the even-numbered
The G+C content of the DNA ranges from 44.0 to 46.9
The source of strains is seawater. The type strain, strain 14s-4 (= IAM 13185), was isolated from Otsuchi Bay (Iwate Prefecture, Japan).
Taxonomic position of Mesophilobacter marinus. Strains of Mesophilobacter marinus resemble the acinetobacters in cell morphology, penicillin resistance, acid production from carbohydrates (A. calcoaceticus), and major cellular fatty acids. They also have properties in common with the moraxellas and the psychrobacters (cytochrome oxidase and ubiquinone type). The G+C contents of the DNAs of the mesophilobacters are similar to values reported previously for species in the genera Acinetobacter, Moraxella, and Psychrobacter. Based on these and other characteristics, the mesophilobacters might also be considered members of the family Neisseriaceae.
straight-chain C16:1, C18:1, and C16:o acids. mol%.
